This article investigates the yearly operation of a building-integrated micro-cogeneration system through transient simulations; both energy and economic performance of the proposed system are analyzed and compared with those of a conventional system based on separate energy production in order to assess the potential savings. The energy comparison is carried out in terms of primary energy with respect to the specific Italian electricity mix; the economic analysis is performed by considering both the operating and capital costs, with the energy unit costs as well as the incentives for supporting the cogeneration technology evaluated according to the Italian scenario.
INTRODUCTION
The building sector is characterized by large primary energy consumption [1] . Therefore, the Italian government adopted a State Law [2] which enforces severe limits of thermal transmittances for walls and windows in order to reduce the energy demand; on the supply side, micro-cogeneration (defined as the combined production of electrical and thermal energy from a single fuel source, with electric output lower than 50 kW [3] ) is a well-established technology considered as one of the most effective options to save primary energy as well as reduce greenhouse gas emissions [3] [4] [5] . The MicroMap project reported that in Europe between 5 and 12.5 million dwellings could have MCHP systems installed by 2020 [6] . Among the several technologies being developed for micro-cogeneration, reciprocating internal combustion engine-based cogeneration systems are usually the best choice for small-scale cogeneration applications [5, 7 -9] , thanks to their well-proven technology, robust nature and reliability.
The opportunity to use micro-cogeneration systems depends strongly on factors such as heat and power demand variations, control modes, capacity and efficiency of the residential cogeneration system, as well as electricity import/export conditions and modes. Taking into considerations that experimental analyses are both expensive and time consuming, the simulation approach is usually preferred for studying cogeneration suitability [9, 10] .
Several studies evaluated the performance of systems on microcogeneration units located in Italy. Arteconi et al. [11] developed a model to design, assess and optimize micro-generation plants from the energy, environmental and economic viewpoints. The model was tested in an Italian residential application in order to compare different micro-cogeneration technologies. They found that, with respect to the conventional system, the microcogeneration device fueled by natural gas allows for reducing both the primary energy consumption (from 10 up to 25%) and the annual CO 2 emissions (from 5 up to 20%). Caresana et al. [12] modeled an automotive-derived internal combustion engine cogeneration system (fueled by natural gas and characterized by 28 kW as nominal electric output) with the aim to compare constant and variable speed operation modes; typical residential and service sector applications were chosen as test cases, and the simulation results were discussed from an energy and economic point of views. The technical economic analysis showed that good energy and economic performances compared with a separate generation system can be achieved both in household and in hotel applications, especially with variable speed operation. Cardona and Piacentino [13] storage, in accordance with the energy requirements of a singlefamily residence. They found that the fuel cell cogeneration system is able to guarantee about 8% primary energy saving with regards to a conventional system composed of a natural gas furnace for space heating, a natural gas water heater and an electric air conditioning unit for space cooling. The authors [14] compared the performance of a micro-cogeneration unit operated under electric load-following logic with a conventional system based on separate energy production from an energy, exergy and environmental point of view upon varying the efficiency of the reference plant. The analysis was performed by assuming a residential daily electric demand profile derived from experimental data and the results highlighted that, in comparison to the conventional plant, the micro-cogeneration system is characterized by lower carbon dioxide emissions and larger primary energy consumption and irreversibilities. Additional studies were performed in several other countries, such as Belgium [15] , Germany [16] , United Kingdom [17, 18] , Switzerland [19] and Canada [20, 21] .
The above-mentioned works demonstrated that, if designed and operated correctly, the micro-cogeneration technology has the potential to simultaneously reduce the use of fossil fuels, the emissions of pollutants and the operating costs in comparison to other conventional supply systems. In this article, the performance of a residential buildingintegrated micro-cogeneration system was simulated by using the dynamic simulation software TRNSYS [22] with a simulation time step equal to 1 min. The proposed system basically consists of a 6.0-kW el internal combustion engine-based MCHP unit fueled with natural gas [23] , a natural gas-fired boiler devoted to the auxiliary thermal energy supply, and a combined storage tank storing heat for both heating purposes and domestic hot water production. The plant was coupled with a three-dwelling multifamily house compliant with the Italian Law [2] in terms of thermal transmittance values of both walls and windows.
The plant under investigation in this work was already investigated by the authors in Ref. [24] , but the analyses were limited to the energy point of view by considering the system operating only during the heating period imposed by the Italian Law [25] with the building located in the city of Naples (south of Italy). This article extended the study of the proposed system to the whole year in order to take into account the energy consumption associated to the domestic hot water production out of the heating season. Taking into consideration that a micro-cogeneration system would require a higher investment for the user if compared with the conventional separate production of heating and electricity, in this work a detailed analysis of operating costs was also performed in addition to the energy performance assessment: the unit costs associated to both natural gas and electric energy as well as the revenue from selling the electric energy surplus were assumed according to the Italian scenario. Both capital and maintenance costs were also considered and the Simple Pay-Back (SPB) period (i.e. the number of years required to recover the investment cost) was calculated. The Italian policy instruments for supporting the diffusion of cogeneration technology were taken into account and their influence on the economic performance of the proposed system was also estimated, highlighting the relevance of each single support mechanism among those adopted by the Italian Government. If compared with the Ref. [24] , the investigation was also extended by considering the multifamily house located in the city of Milano (north of Italy) in order to take into account the fact that both thermal loads and energy unit costs strongly depend on the region of Italy where the building is located.
The simulation results were used to compare the performance of the proposed system with those of a conventional system composed of a natural gas-fired boiler (for thermal energy production) and a power plant mix connected to the central grid (for electricity production) with the main aim to assess the suitability of the plant under investigation with respect to the systems based on separate energy production in terms of both primary energy consumptions and costs.
In Section 2, the proposed MCHP-based system is described in detail, while the reference system is depicted in Section 3; Section 4 shows the results of the energy performance assessment, while the economic analysis is reported in Section 5. Figure 1 shows the scheme of the system configuration analyzed in this study. The plant basically consists of a micro-cogeneration device (MCHP), an auxiliary boiler, a combined storage tank with three internal heat exchangers (IHE1, IHE2, IHE3), a platefin heat exchanger (PHE), three pumps (P1, P2, P3), three thermostats (T1, T2, T3), two three-way valves (V1, V2), two flow diverters (D1, D2) and a group of fan-coils installed within the building.
DESCRIPTION OF THE PROPOSED SYSTEM
The system under investigation is devoted to satisfy the space heating sensible thermal load associated to the heating season as well as the yearly demands of both domestic hot water and electricity.
According to the Italian Law [25], Italy is divided into six different climatic zones (named A, B, C, D, E, F) based on the heating degree days (HDD) index [26] The heating purposes and domestic hot water production are satisfied by heating up the water contained within the tank. The MCHP system and natural gas-fired boiler cooperate in order to guarantee a given water temperature level (558C) within the hot water storage; the group of fan-coils is supplied by the combined tank. A maximum daily operation time for the heating system depending on the climatic zone is also specified in Ref. [25] ; as a consequence, the indoor air temperature was controlled only during the time intervals specified in Table 1 : out of these time intervals, the indoor air temperature was not controlled. Domestic hot water is produced by means of the IHE3 located in the tank; in the case of the temperature of the water exiting IHE3 is lower than 458C, the required additional heat is provided by the auxiliary natural gas-fired boiler and transferred to the domestic hot water by means of the plate heat exchanger PHE.
The electricity generated by the cogeneration device is used directly into the building for the lighting systems, domestic appliances, and auxiliaries or is exported to the electric grid, which is also used to cover peak demand.
Each component of the whole system was simulated by using the software TRNSYS [22] , where each physical piece is dynamically modeled with a component (named 'Type') that is a FORTRAN source code model. In the following sections the main features of the Types used in this study are reported. Additional details can be found in Refs. [28, 29] .
Combined tank
The combined tank was modeled by means of the Type60f included in TRNSYS library. This model allows to calculate thermal stratification in the component: in this study, 10 temperature levels (nodes) were used in the tank; a uniform tank loss coefficient per unit area equal to 3.0 kJ/hm 2 K was assumed [30] . A vertical cylindrical hot water storage unit with one flow inlet and one flow outlet was considered: the cold water coming from the building enters the tank through the flow inlet IF, while hot water going toward the fan coils installed within the building exits the tank through the flow outlet OF. The tank was equipped with three IHEs: the hot water coming from the MCHP unit flows through the IHE located in lower part of the tank (IHE1 in Figure 1 ); the hot water coming from the natural gas-fired boiler goes toward the IHE located in upper part of the tank (IHE2 in Figure 1 ); the third IHE (IHE3 in Figure 1 ) allows heat to be extracted for domestic hot water production. In Ref. [24] , a sensitivity analysis was performed by considering three different tank volumes (0.855, 0.738 and 0.503 m 3 ), and the simulation results showed the best performance for the hot water storage characterized by the largest volume; the main characteristics of this tank are reported in Table 2 [31].
MCHP unit
A 6.0-kW el reciprocating internal combustion engine-based micro-cogeneration unit [23] was investigated; the main characteristics of this device are reported in Table 3 . Even if the MCHP system under investigation can operate under both electric and thermal load-following control strategies; in this study, only the thermal load-following operation was considered; this is a consequence of the fact that in Ref. [24] , the energy performance assessment of the proposed system was performed by considering both MCHP control logics, showing that the thermal loadfollowing operation can guarantee better results than the electric load-following operation. In the case of thermal load-control strategy, the system operates according to the external temperature signal coming from the thermostat T1 ( Figure 1 ) placed on the tank near the exit of the IHE1: when this temperature is lower than the set-point value (558C), the unit provides its maximum electric and thermal outputs; when the water temperature in the storage exceeds the set-point value, the unit is turned off. The electricity generation is a by-product.
The Italian Law does not limit the daily operation time of cogeneration systems: as a consequence, in this study, the MCHP unit was allowed to operate up to 24 h per day depending on thermal requirement. The cogeneration unit was simulated by using the detailed dynamic model [32, 33] developed within the Annex 42 of the International Energy Agency. This model was calibrated and validated for the MCHP unit [23] on the basis of several laboratory tests performed by the authors [34, 35] at the Built Environment Control Laboratory of the Seconda Università degli Studi di Napoli. During the experiments, the transient and steady-state operation of the cogeneration system was experimentally investigated upon varying the electric level, the coolant temperature as well as the coolant flow rate. The experimental tests showed that the values of thermal efficiency measured during transient operation were significantly lower than those measured during steady-state operation. The analysis of the tests also indicated that both electrical and thermal efficiencies are strongly affected by the electric output of the unit: in particular, the experiments showed a thermal efficiency increasing at decreasing the electric output, and an electric efficiency increasing with increasing the electrical power. The measurements were compared with the simulation data in order to empirically validate the calibrated Annex 42 model; the data measured during a 24-h dynamic test performed by applying a realistic daily load profile representing the Italian domestic non-HVAC demand profile for a multifamily house of five dwellings were used: the predicted fuel use, the electric output and heat recovery over the whole duration of the dataset differed from measured values by 26.1, 20.2 and 21.0%, respectively. Ratio between electric output and primary power input. b Ratio between heat supplied to the end-user and primary power input.
Boiler
A 20.0-kW th natural gas-fired boiler [36] was selected and modeled in TRNSYS by using the Type6 included in TRNSYS library. This system is activated only in the case of (i) the water temperature within the tank (sensed by the thermostat T2 in Figure 1 ) is lower than a given set-point value (558C), or when (ii) the domestic hot water temperature at the outlet of the IHE3 (sensed by the thermostat T3 in Figure 1 ) is lower than 458C.
The manufacturer [36] suggests 0.924 as boiler efficiency for a part load ratio equal to 30% and 0.927 as boiler efficiency in the case of operation at rated output. Therefore, the boiler efficiency h The primary power consumption of the boiler is evaluated as follows:
As above-mentioned, a maximum daily operation time for the heating system depending on the climatic zone is specified in Ref. [25]; as a consequence, the boiler is allowed to operate only during the time intervals specified in Table 1 ; out of these periods, the boiler was turned off for heating purposes. The boiler is allowed to operate up to 24 h per day in the case of thermal energy is required for producing domestic hot water at 458C.
Building characteristics and loads
The geometrical layout of the building is basically a multiplication of a single-family house-type building geometry. Starting from 1 January 2010, the Italian Law [2] specifies the threshold values of thermal transmittance for both walls and windows of renovated buildings depending on (i) the climatic zone where the building is located, and (ii) the wall type (external wall, ground and roof ). These threshold values of thermal transmittance U lim for property renovations located in Napoli and Milano are specified in Tables 4 and 5 .
In Table 4 , the characteristics of building walls considered in this study are also specified: in particular, the internal (h i ) and external (h e ) convective and radiative heat transfer coefficients of walls, wall thermal transmittance (U wall ), layers material, thickness (s), density (r), specific heat (c) and thermal conductivity (l) are reported for each wall type. As it can be derived from Table 4 , the thermal transmittance of each wall is equated to the given threshold values. The values of h i and h e are derived by the European Standard EN ISO 6946 [37] , while the values of r, c and l are defined based on Italian Standard UNI 10351:1994/EC [38] .
The main characteristics of building windows are reported in Table 5 : in particular, the internal (h i ) and external (h e ) convective and radiative heat transfer coefficients of windows, frame thermal transmittance U frame , glazing thermal transmittance U glazing , window type, glazing width, spacing width, spacing gas, ratio between frame area A frame and window (glazing þ frame) area A window are specified. As it can be derived from Table 5 , the thermal transmittance of each window is equated to the given threshold values; values of U frame and U window are calculated based on the European Standard EN ISO 10077 -1 [39] ; all windows are provided with shadings, whose zone and wall reflection coefficients are considered equal to 0.5. According to the Italian Law [40] , the area of each window is defined as the 12.5% of the ground area of the room where the window is located.
Heat coming from occupants, personal computers and lighting systems is assumed to contribute to the internal gains of the building. Figure 3 shows both the number of occupants of each single flat and the occupants-related sensible heat gain of each single flat as a function of the time during a week day (Figure 3a) and a weekend day ( Figure 3b) ; sensible heat coming from each occupant was assumed equal to 75.0 W: this values is suggested by the Standard ISO 7730:2005 [41] in the case of light work/typing as degree of activity. Figure 4 shows the sensible heat flux associated to the lighting appliances installed within the rooms of each single flat; light sources with an installed total electric capacity of 294.0 W are considered; thermal power coming from each lighting system is assumed equal to the 75% of its nominal electric capacity. Sensible heat produced by lighting systems is considered as transferred to the indoor air by both radiation (70%) and convection (30%) [42] . In order to take into account the sensible thermal load associated to the air infiltration, the European Standard EN 12831:2003 [27] is used to calculate the air exchange rate, i.e. the number of interior volume air changes that occur per hour, induced by wind and stack effect on the building envelope: based on this European Standard, the air exchange rate is assumed equal to 0.28 h
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. The internal gains coming from occupants, personal computers and lighting appliances for the whole building are generated through the superposition of the single-flat profiles, with no difference between Napoli and Milano.
A temperature difference of 58C was assumed for the hot water crossing the fan coils, with a variable-flow pump controlling the fan coils outlet temperature.
The Type56a (included in TRNSYS library) was used for modeling the building envelope, indoor air set-point temperature, infiltration and internal gains. Type15-6 (included in TRNSYS library) was used for reading the external EnergyPlus weather data file [43] of Naples. Figure 5 reports the whole building sensible thermal loadduration diagrams obtained from simulations, with the heatdemand values sorted in descending order. As it can be derived from this figure, the maximum thermal load is 31.7 kW: this value is set in TRNSYS simulations as the sum of the thermal output of the boiler of the proposed system (20.0 kW th ) and the maximum thermal output of the MCHP unit (11.7 kW th ).
The yearly domestic hot water demand profile with an average basic load of 200 l/day in the time scale of 1 min specified within IEA-SHC Task 26 [44, 45] is used in this study. Figure 6 reports the hot water demand -duration diagram of each single flat, with the domestic hot-water flow rates sorted in descending order. In this article, the domestic hot water demand profile of the whole building is generated through the superposition of the single-flat profile; no difference between Napoli and Milano is considered. Figure 7a highlights the daily electric demand profile resulting from the operation of both lighting systems and other domestic appliances (such as vacuum cleaner, dishwasher, washing machine, PC, TVs, fridge) of each single flat; the electric consumptions of each appliance are derived by Ref. [46] . The daily electric demand profile of the whole building is defined through the superposition of the single-flat profile reported in Figure 7a , with no difference between Napoli and Milano. The electric demand profile considered in this study corresponds to an electric consumption for the whole building equal to about 109.7 Wh/m 2 per day. The electric load-duration diagram (with the electric-demand values sorted in descending order) of each single flat is showed in Figure 7b .
The electric consumption of the pumps was also taken into account during the simulations, even if not included in Figure 7 .
DESCRIPTION OF THE REFERENCE SYSTEM
A conventional system composed of a natural gas-fired boiler (for thermal energy production) and a power plant mix connected to the electric grid (for electricity production) is considered. The comparison with the proposed system is performed by assuming for the reference system the same electric and thermal energy output of the proposed system. A 32.0 kW th natural gas-fired boiler [36] was selected for the thermal energy production within the reference system. The boiler manufacturer [36] suggests a value of 0.911 as boiler efficiency for a part load ratio equal to 30% and a value of 0.937 as boiler efficiency in the case of operation at rated output; in this study the boiler efficiency of the conventional system h The primary power consumption of the boiler considered for the conventional system is evaluated as follows:
Concerning the efficiency of the power plant mix connected to the national electric grid h PP , a figure of 0.461 is assumed: this value represents the power plant average efficiency in Italy, including transmission losses [47, 48] . 
ENERGY ANALYSIS: METHODOLOGY, RESULTS AND DISCUSSION
According to European directive [49] , in order to compare the ability of energy conversion systems to satisfy the same user, it is important to evaluate the primary energy savings (PES) which is defined as:
where E SP p;TOT is the primary energy consumed by the proposed system and E CS p;TOT is the primary energy consumed by the conventional system for supplying the same energy output of the proposed system. A positive value of PES indicates that the MCHP-based system allows for a primary energy saving in comparison to the conventional system. where the primary energy consumed by the MHCP unit E SP p;MCHP , the thermal energy provided by the boiler of the proposed system E SP th;B , the electric energy purchased by the proposed system from the electric grid E SP el;buy , the thermal energy supplied by the MCHP unit to the water within the tank E SP th;MCHP and the electric energy produced by the MCHP unit E SP el;MCHP are derived from simulations by assuming 49 599 kJ/kg [50] as lower heating value of natural gas LHV ng . Figure 8 shows the values of PES as a function of the city, with reference to the operation during each single month as well as the whole year. This figure shows that: † whatever the city is, the proposed system allows a reduction of primary energy consumption in comparison to the conventional system during the whole year; no difference in terms of yearly energy saving between Milano and Napoli can be highlighted: both cases shows a value of PES equal to 2.7%; † the monthly values of PES range between 25.2% (October) and þ8.0% (January) in the case of Napoli, while they vary from 24.6% (October) up to 7.6% (December) for Milano; † in the case of Napoli, the values of PES are positive only during the months in which the indoor air temperature is allowed to be controlled by the Italian Law [25]; during the months in which only the domestic hot water demand is to be satisfied the conventional system is more convenient with respect to the proposed system from an energy point of view; † for the building located in Milano, the indoor air temperature is controlled from 15 October to 15 April [25]: therefore, the values of PES are negative not only during the months in which only the domestic hot water demand is to be satisfied, but also during April and October.
ECONOMIC ANALYSIS: METHODOLOGY, RESULTS AND DISCUSSION
The evaluation of the economic performance is performed in this section, by considering the operating, capital and maintenance costs. Taking into account that a micro-cogeneration system would require a higher investment for the user when compared with the conventional separate production of heating and electricity, three different types of incentive were adopted by the Italian government for MCHP units to be financially feasible [51] : † Tax rebate (TR) on natural gas purchased; † Tradable White Certificates (TWCs), which involve achieving a mandatory energy-saving target against the 'business-as-usual' scenario; each Ton of Oil Equivalent (TOE) of electric and/or thermal energy that is saved corresponds to a TWC, the value of which has been set, for the purposes of simulations, at 86.98 Euros/TOE; the calculation of the TOE has been based on a specific table established by the Italian Regulatory Authority for Electricity and Gas [52] ; † Government capital grants (GCG) on the purchase of the MCHP unit; according to the current legislation, it is equal to the 40% of the capital cost of the cogeneration device.
First of all, the proposed and the conventional systems were compared in terms of operating costs. Both the cost of purchasing natural gas and the cost of purchasing electrical energy not produced by the cogeneration system are considered; both the revenue from selling the electric energy produced by the MCHP unit and revenue deriving from tax rebate on natural gas are consumed by the cogeneration device also taken into account.
The following formula is used to define the operating costs of the proposed system:
where CU ng is the unit cost of natural gas; E SP p;MCHP is the primary energy consumed by the cogeneration device; E SP th;B is the thermal energy produced by the natural gas-fired boiler of the proposed system; LHV ng is the lower heating value of natural gas (assumed equal to 49 599 kJ/kg [50] ); r ng is the density of natural gas (assumed equal to 0.72 kg/m 3 [50] ); CU el,buy is the unit cost of the electric energy purchased from the national central grid; E SP el;buy is the electric energy bought from the national central grid by the proposed system; CU el,sell is the unit cost of the electric energy sold to the national central grid; E SP el;sell is the electric energy sold to the national central grid by the proposed system.
In Italy, the unit cost of natural gas CU ng for residential applications basically depends on the region of Italy where the natural gas is consumed as well as the level of cumulated natural gas consumption [53] . Table 6 shows the values of the abovementioned terms as a function of both the cumulated level of natural gas consumption and city. This table highlights that the excise tax for cogenerative use is lower in comparison to applications other than combined heat and power production: this tax rebate is one of the incentives adopted by the Italian Government for MCHP systems defined as 'high performance' [51] to be financially feasible. About this point is should be considered that, according to the Italian Law [53] , only a portion of natural gas consumption amounting to 0.22 Sm 3 /kW h el [54] is liable to a tax reduction; on the gas amount not liable of tax reduction, the excise tax paid is 0.012498 Euros/Sm 3 . Regarding the electric energy purchased from the grid, it can be highlighted that in Italy the residential consumers have time-of-use rates for the electricity prices. According to the Italian scenario [55] , the unit cost of purchased electric energy CU el,buy varies depending on: (i) the day, (ii) the hour of the day, (iii) the level of cumulated electric energy consumption. The unit cost of electric energy purchased from the grid during a week day and a weekend day is reported in Figure 9a and b, respectively, as a function of both the time and the cumulated electric energy consumption. The values specified in these figures include both the excise tax (0.0227 Euros/kW h el ) and the VAT (10%).
According to the Italian Law [56] , the revenue from selling the electric energy to the national central grid CU el,sell depends on: (i) the city, (ii) the day (week day, Saturday and Sunday are differentiated), (iii) the hour of the day. Figure 10 reports the values of CU el,sell as a function of the hour of the day during week day, Saturday and Sunday and the city.
As above-mentioned, the operating costs of the proposed system (calculated by using Equation 8) are compared with those of a conventional system; this comparison is performed by means of the following formula:
where the operating costs of the conventional system are calculated by using the following Eq. 10:
A positive value of DOC means that the conventional system is characterized by larger operating costs in comparison to the proposed system, and so the proposed system is more convenient from an economic point of view. Figure 11 shows the values of DOC with reference to the operation during each single month as well as the whole year. This figure shows that: † whatever the city is, the proposed system allows a reduction of operating costs in comparison to the conventional system by considering the yearly operation; the saving is more pronounced in the case of Milano (18.6%) with respect to the city of Napoli (11.1%); † whatever the month is, the values of DOC associated to Milano are always larger than those related to Napoli; † whatever the city is, during the months in which only the domestic hot water demand is to be satisfied the values of DOC are much lower than those associated to the periods during which heating up the building is required; † in the case of Napoli, the monthly values of DOC are negative from July up to September; during the remaining months, they vary between 1.2% (June) and 21.0% (December); for the building located in Milano the monthly values of DOC are always not negative, ranging from 0% (August) up to 30.8% (December).
In the following, the comparison between the proposed and conventional systems is performed also in terms of SPB period; this indicator represents the number of years required to recover the investment cost and it is calculated as follows: Table 6 . Natural gas unit cost as a function of the cumulated natural gas consumption and city. where CC SP is the capital cost of the MCHP unit, the boiler and the hot water storage tank of the proposed system; CC CS is the capital cost of the boiler of the conventional system; MC SP is the yearly maintenance cost of the MCHP unit and the boiler of the proposed system; MC CS is the yearly maintenance cost of the boiler of the conventional system.
The following values are assumed in this article:
(i) capital cost of the MCHP unit [23] : 18 000.0 Euros; (ii) capital cost of the boiler of the proposed system [36] : 1700.0 Euros; (iii) capital cost of hot water storage of the proposed system
[31]: 3000.0 Euros; Figure 9 . Unit cost of electric energy purchased from the grid during a week day (a) and during a weekend day (b), whatever the city is.
(iv) capital cost of the boiler of the conventional system [36] : 2150.0 Euros; (v) unit maintenance cost of the MCHP unit [23] : 0.016
Euros/kW h el ; (vi) maintenance cost of the boiler of both proposed and conventional systems [36] : 80.0 Euros/year. (i) without all support mechanisms adopted by the Italian Government, the duration of the SPB period would not be reasonable; (ii) by considering all Italian incentives, the duration of the SPB period becomes more acceptable, ranging from 9.7 years for Milano and 19.8 years for Napoli; (iii) among the three Italian support mechanisms, the more convenient is represented by the Tax Rebate on natural gas purchased; the incentive associated to the TWCs is the less suitable from an economic point of view.
CONCLUSIONS
The yearly operation of a building-integrated microcogeneration system was investigated by means of transient simulations. The main strength of the work is especially related to the fact that the transient nature of building and occupant driven loads, the interaction between the loads and the system output as well as the part-load characteristics of the cogeneration unit were taken into account in great detail. On the other side, a simplified model of the multifamily house was built by setting-up the thermal transmittance values for both walls and windows suggested by Italian Law; in addition a streamlined approach was adopted in defining the electric demand profile, the domestic hot water requirement, as well as the internal gains associated to occupants and lighting systems. The performance of the proposed system was compared with those of a conventional system based on separate energy production upon varying the city (Napoli and Milano) where the building is located.
The main results can be summarized as follows: † whatever the city is, the proposed system allows a reduction of primary energy consumption in comparison to the conventional system with a percentage difference during the whole year operation equal to 2.7%; the monthly values of PES range between 25.2% (October) and þ8.0% (January) in the case of Napoli, while they vary from 24.6% (October) up to7.6% (December) for Milano; † whatever the city is, the proposed system allows also lower operating costs in comparison to the conventional system during the whole year; the saving is more pronounced in the case of Milano (18.6%) in comparison to the city of Napoli (11.1%); † by considering all Italian incentives, the SPB period ranges from 9.7 years for Milano and 19.8 years for Napoli; among the three Italian support mechanisms, the more economically convenient is represented by the Tax Rebate on natural gas purchased. 
